Evolutionary analysis of the nucleus-encoded subunits of mammalian cytochrome c oxidase.
The cytochrome c oxidase enzyme complex of eukaryotes is made up of three mitochondrial-coded subunits and a variable number of nuclear-coded subunits. Some nuclear-coded subunits are present in multiple forms and probably perform a tissue- or development-specific function. A detailed evolutionary analysis of the cytochrome c oxidase subunits that have been sequenced to date is reported here. We have found that gene duplication events from which the liver and heart isoforms of rat subunits VIa and subunit VIII originated can both be dated at about 240 +/- 90 million years ago, long before the radiation of mammalian lineages. Sequence divergence between the processed-type pseudogenes for the subunits IV, VIc and VIII have been estimated. Our results indicate that they arose fairly recently, thus suggesting that retroposition is a continuing process. We show that the rate of silent substitution in mitochondrial-coded subunits is 5-10 times higher than in nuclear-coded subunits; on the other hand replacement rates, although differing from gene to gene, are roughly of the same order of magnitude in both nuclear and mitochondrial genes. In the case of most of the nuclear-coded proteins we observed a slightly greater similarity between rats and cow, which agrees with the data obtained for mitochondrial-coded subunits.